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(54) Exhaust gas treatment unit and process 

(57) An exhaust gas treatment unit of the combus- 
tion type is capable of effectively carrying out the de- 
composing treatment of an exhaust gas while at the 
same time allowing the unit to be reduced in size. The 
exhaust gas treatment unit includes a treatment drum, 
a combustion air introduction tube attached at one end 
of the treatment drum to introduce combustion air to the 
inside of the treatment drum, a fuel gas introduction tube 
disposed inside the combustion air introduction tube to 
introduce fuel gas to the inside of the treatment drum. 



and an exhaust gas introduction tube disposed inside 
the fuel gas introduction tube to introduce exhaust gas 
to the inside o1 the treatment drum. Aflame tube extends 
from an end portion ot the combustion air introduction 
tube on the air outlet side to the vicinity of the other end 
of the treatment drum, and a cooling air introduction pon 
is provided for introducing cooling air into a space be- 
tween the side wall of the treatment drum and the flame 
tube. By virtue of the presence of the flame tube, the 
fuel gas flame is kept for a longer period of time, thereby 
improving its contact efficiency with the exhaust gas. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to an exhaust gas treatment unit for treating exhaust gas discharges from a semi- 
conductor manufacturing installation or the like, and especially to an exhaust gas treatment unit tor decomposing 
inorganic fluorine compounds such as NF3 and SFg or PFCS gases such as CF4 and CjFg contained in an exhaust gas. 

BACKGROUND OF THE INVENTION 

The manufacture of semiconductors results in the generation of an exhaust gas containing poisonous gases or 
gases which may cause environmental pollution such as SiH4, Si2H6. PH3, NH3, NF3 SFg, CF4 and CgFg. It is therefore 
necessary in facilities that discharge such exhaust gases to install an exhaust gas treatment unit to thereby decompose 
the exhaust gas until the concentration of these poisonous gases reaches an allowable concentration (TLV value) 
specified by law. 

Known types of exhaust gas treatment units involve the use of a combustion type unit in which the exhaust gas is 
burnt by flame to effect decomposition. A general combustion type exhaust gas treatment unit utilizes a flame from a 
burner that is blown to the exhaust gas so that the exhaust gas is decomposed by its heat. Such a combustion type 
exhaust gas treatment unit can work effectively in the context of combustible gases such as SiH4, Si2Hg, PH3 and NH3. 

However, in this known type of combustion type exhaust gas treatment unit, the flame is rather short from a duration 
standpoint. On the other hand, gases such as NF3, SFg, CF4 and CsFg tend to be very stable gases. Thus, a large- 
sized unit having a large capacity must be used and a large amount of fuel is required to decompose these gases. 

In light of the foregoing drawbacks and (imitations associated with known types of units, the present invention has 
been developed. 

It is an object of the present invention to provide an exhaust gas treatment unit 0I the combustion type that is 
capable of carrying put the decomposing treatment of an exhaust gas effectively, while at the same time permitting the 
unit to be down-sized. 

An exhaust gas treatment unit according to -the present invention includes a treatment drum, a combustion air 
introduction tube attached at one end of the treatment drum to introduce combustion air to the inside of the treatment 
drum, a fuel gas introduction tube disposed inside the combustion air introduction tube to introduce fuel gas to the 
inside of the treatment drum, an exhaust gas introduction tube disposed inside the fuel gas introduction tube to introduce 
exhaust gas to the inside of the treatment drum, and a flame tube extending from the end portion of the combustion 
air introduction tube on the air outlet side in the vicinity of the other end of the treatment drum. A cooling air introduction 
device Is provided to introduce cooling air into a space between the side wall of the treatment drum and the flame tube, 
and an outlet nozzle is provided al the other end of the treatment drum to discharge the treated exhaust gas. 

A process to dispose ot exhaust gas from a semiconductor manufacturing unit in accordance with the present 
invention involves injecting exhaust gas into a drum, reacting the exhaust gas with a flame of a fuel gas and oxygen 
containing gas in the drum in an oxidizing reaction to produce oxidized products, and controlling the temperature ot 
the oxidizing reaction by cooling the wall of the drum. The oxidized products are filtered to remove solid particles and 
produce gaseous species which are then scrubbed to release only non-harmful species to the environment. 

If a nnixed gas of fuel gas and combustion air is ignited in such construction as mentioned above, a flame will go- 
ahead through the flame tube, whereby a high heat situation can be maintained. As a result, the contact of the flame 
with the exhaust gas is effectively carried out. 

To permit treatment of plural kinds of exhaust gases at the same time, a plurality of exhaust gas introduction tubes 
may be provided. From a similar point of view, the inside of one exhaust gas introduction tube may be divided into a 
plurality of exhaust gas introduction paths. 

Further, a powder scrape-off means may preferably be provided in the vicinity of the end portion of the exhaust 
gas introduction tube on the exhaust gas outlet side so that oxides generated in the treatment of the exhaust gas such 
as SiH4 are not deposited on the fore end of the exhaust gas introduction tube. 

Oxygen enriched gas, e.g., air (containing approximately 21% oxygen) or oxygen enriched air, including substan- 
tially pure oxygen, can be used for the combustion, particularly to reach high temperatures necessary to decompose 
certain species. 

The exhaust gas treatment unit of the combustion type according to the present invention can maintain a flame 
for a long period of time and can carry out its contact with an exhaust gas effectively because of the flame tube that is 
provided. Thus, it becomes possible to achieve the down-sizing of the unit, and even in a case where a small amount 
of fuel is used, it is possible to effectively carry out the decomposing treatment of stable exhaust gas, for example an 
inorganic fluorine compound such as NF3 of SFg, or any perfluorocompounds (PFCS) such as CF4, CjFg or the like. 

Since cooling air flows around the flame tube, there is no need to provide a heat insulator on the outer circumference 
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of the exhaust gas treatment unit. This further facilitates the ability to downsize the unit. 

By mixing the cooling air with the treated exhaust gas in the exiiaust gas treatment unit, the diluting treatment of 
exhaust gas is carried out during cooling and so the exhaust gas treatment becomes more effective. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

Further details and features associated with the present invention will be more clearly understood from the detailed 
description set forth below considered in conjunction with the accompanying drawing figures in which like elements 
are designated by like reference numerals and wherein. 

Fig. 1 is a general schematic illustration of an exhaust gas treatment installation showing the first embodiment of 
the exhaust gas treatment unit according to the present invention; 

Fig. 2 is a vertical cross-sectional view showing a portion of the second embodiment of the exhaust gas treatment 
unit according to the present invention; 

Fig. 3is a horizontal cross.-sectional view of the exhaust gas treatment unit taken along the section line Ill-Ill in Fig. 2; 
Figs. 4(a)-(c) are horizontal cross-sectional views of an exhaust gas introduction tube having four exhaust gas 
introduction paths; 

Fig. 5 is a vertical cross-sectional view of the exhaust gas treatment unit of Fig. 2, where an impeller is attached 
as a powder scrape-off device; and 

Fig 6 is a cross-sectional view similar to Fig. 3, showing the impeller as accommodated in the unit. 
DETAILED DESCRIPTION OF THE PRESENT INVENTION 

Fig. 1 shows one embodiment of an exhaust gas treatment installation comprising an exhaust gas treatment unit 
according to the present invention. The installation includes an exhaust gas treatment unit 10, a filter. 12 positioned 
downstream of the exhaust gas treatment unit 10 for filtering oxidized products resulting from the oxidized reaction, 
an exhaust blower 14 positioned downstream of the filter 12, and a wet scrubber 16 positioned downstream of the 
exhaust blower 1 4. The filter 1 2, the exhaust blower 1 4 and the wet scrubber 1 6 are of the types usually used in exhaust 
gas treatment installations and so a description of the details of these features is not set forth. 

The exhaust gas treatment unit 1 0 in shown in Fig. 1 includes a cylindrical treatment drum 1 8. This treatment drum 
18 is vertically disposed, or is disposed in such a manner that its axis is vertically oriented. 

The treatment drum 1 8 is provided with a bottom inclined plate 20 that has an outlet nozzle 22 formed at its center 
This outlet nozzle 22 is connected to .the filter 12 by way of a pipe 24. The treatment drum 18 is also provided with an 
upper plate 25. The central portion of the upper plate 26 is provided with a gas introduction part that includes an exhaust 
gas introduction tube 28 tor introducing exhaust gas, a fuel gas introduction tube 30 for introducing fuel gas, and a 
combustion air introduction tube 32 for introducing combustion air 

This gas introduction part is constructed so that the exhaust gas introduction tube 28, the fuel gas introduction 
tube 30 and the combustion air introduction tube 32 are coaxially disposed relative to one another. The exhaust gas 
introduction tube 28 is disposed radially inwardly of the fuel gas introduction tube 30, and the fuel gas introduction tube 
30 is disposed radially inwardly of the combustion air introduction tube 32. The interior of the exhaust gas introduction 
tube 28 functions as an exhaust gas introduction path 29, the annular space between the exhaust gas introduction 
tube 28 and the fuel gas introduction tube 30 functions as a fuel gas introduction path 31, and the annular space 
between the fuel gas introduction tube 30 and the combustion air introduction tube 32 functions as a combustion air 
introduction path 33 These introduction tubes 28, 30, 32 pass through the upper plate 26 of the treatment drum 18 
and extend to a predetermined position in the upper portion of the treatment drum 18. 

A flame tube 34 is connected to the lower end of the combustion air introduction tube 32. The lower end of the 
flame tube 34 extends to a point in the vicinity of the bottom plate 20 of the treatment drum 1 8 as shown in Fig. 1 . The 
outlet portion of the fuel gas introduction path 31 is provided with a suitable ignition device such as an ignition plug 
(not specifically illustrated). 

Exhaust gas from a facility such as a semiconductor manufacturing facility unit or the like Is introduced into the 
upper end of the exhaust gas introduction tube 28 and flows into the interior of the exhaust gas introduction tube 28. 
The upper portion of the fuel gas introduction tube 30 is connected to a fuel gas supply source 36 for fuel gas such as 
methane gas, natural gas, propane gas, hydrogen gas or butane gas or a mixture of such gases. The upper poilion 
of the combustion air introduction tube 32 is connected to a combustion air supply source 38. Further, a cooling air 
supply source 40 is connected to a cooling air introduction port 42 that is provided on the outer circumferential portion 
of the upper plate 26 of the treatment drum 18. 

During treatment of an exhaust gas in the unit shown in Fig 1, the exhaust gas is sent into the exhaust gas 
introduction tube 28. At the same time, the respective supply sources 36^ 38, 40 for fuel gas, combustion air and cooling 
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air and the exhausl blower 14 are driven or operated. By virtue of the operation of the supply sources 36, 38, 40, fuel 
gas and combustion air are supplied to the fuel gas introduction path 31 and the combustion air introduction path 33 
respectively at a predetermined flow rate. When the ignition device is thereafter operated to fire the mixed gas com- 
prising fuel gas and combustion air, the flame is brought into contact with the exhaust gas discharged from the lower 

s end of the exhaust gas introduction tube 28 and thus, the decomposing treatment of substances contained in the 
exhaust gas is carried out. The oxidized products resulting from the reaction with the flame involve harmful and non- 
harmful products including solid particles and gaseous harmful and non-harmful species. 

The flame of the mixed gas extends into the vicinity of the bottom plate 20 of the treatment drum 18 because of 
the presence of the flame tube 34, and as a result, the contact affect of the exhaust gas and flame is heightened. 

TO Accordingly, it is possible to thermally decompose even stable substances such as PFCS gases in the exhaust gas. 
Oxygen enriched gas, e.g., air (containing approximately 21% oxygen) or oxygen enriched air, including substantially 
pure oxygen, can be used as the combustion air, particularly to reach high temperatures necessary to decompose 
certain species. 

When the cooling air supply source 40 is driven or operated, a large amount of cooling air is introduced into the 

'5 annular space between the treatment drum 18 and the flame tube 34. The cooling air is mixed in the lower portion of 
the treatment drum 18 with the treated exhaust gas discharged from the lower end of the flame tube 34. Thus, the 
cooling of the exhaust gas whicli has been healed to a high temperature in the flame tube 34 is performed. At the same 
time, the dilution of the exhaust gas is also carried out because the exhaust gas is mixed with a large amount of air 
Since this cooling air passes around the flame tube 34, it functions as a thermal shield for the same flame tube 34. 

20 Accordingly, there is no need to provide a heat insulator on the outer circumference of the treatment drum 18. 

The treated exhaust gas which has been cooled down and diluted by Ihe cooling air is discharged from the outlet 
nozzle 22 of the treatment drum 18 by the suction force of the exhaust blower 14. The oxidized products are then 
filtered with filter 12 to remove solid particles, including dust and the like, and produce gaseous harmful and non- 
harmful species. After the treated exhaust gas passes through the filter 12 and the exhaust blower 14, the gas is further 

25 purified in the wet scrubber 16 and is finally discharged to the outside. The gaseous harmful and non-harmful species 
are scrubbed in the scrubber to release only non-harmful species to the environment. 

Experimental results obtained by treating exhaust gas through use ot the exhaust gas treatment unit 1 0 described 
above and illustrated in Fig. 1 are shown in the following table. The exhaust gas treatment unit employed in the exper- 
imental tests included a treatment drum 1 8 having an internal diameter of 400 mm and a flame tube 34 having a length 

30 ot 800 mm. The objective gases that were used in the tests were NF3, NH3, SiH4 and PHj. These gases were diluted 
with nitrogen gas in a manner similar to the exhaust gas from a semiconductor manufacturing unit. Methane was used 
as the fuel gas at a flow rate ot 17 liter/min, while the flow rate of the combustion air was regulated to be 480 liter/min 
and the flow rate of the cooling air was controlled to be 20,000 liter/min. 



Objective Exhaust Gas 


Flow Rate of Objective 
Exhaust Gas (liter/min) 


Diluting Nitrogen Gas (liter/ 
min) 


Concentration ot Gas at 
Outlet (ppm) *1 


NF3 


24.0 


1.000 


2-3(10) 




25.0 


1,000 


< 1 (25) 


1 SiH4 


10.0 


1.000 . 


< 1 (5) 


1 PH3 


0.2 


1.000 


< 0.1(0.3) 



■1 TLV according to ACGIH in parentheses 



As can be seen from this table, even in the case of stable NF3, the gas concentration in the treated exhaust gas 
discharged from the outlet nozzle 22 was less than the TLV (threshold level value) specified in ACGIH (American 
Conference of Governmental Industrial Hygienists) when the exhaust gas was treated by the exhaust gas treatment 
unit 1 0 according to the present invention. As to the NH3. SiH^ and PH3 combustible gases, the results obtained were 
highly tavorable as their concentrations were significantly lower than the TLV values. 

Judging from the fact that the treated exhaust gas at the outlet nozzle 22 had a temperature of about 50° C and 
the internal temperature of the flame tube 34 reached 800-1 ,000°C, it can be seen that cooling was also effectively 
carried out. In a case where the temperature of the outlet nozzle 22 was about 50°C. there was no detrimental influence 
upon succeeding equipment, even in the absence of a special cooling device. 

Although the treatment drum 18, the exhaust gas introduction tube 28, the fuel gas introduction tube 30 and the 
combustion air introduction tube 32 are described and illustrated as being cylindrical, their form is not limited to this 
particular configuration. The exhaust gas treatment unit may be composed ot a treatment drum, exhaust gas introduc- 
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lion tube, fuel gas inlroduction tube, combustion air introduclion lube and flame tube which are, for example, quadran- 
gular in cross-section. 

in addition, an extension portion formed by extending the combustion air introduction tube 32 may be used as the 
flame tube, thereby negating the need to provide the flame tube 34 separately from the combustion air introduction 
lube 32. Although the exhaust gas treatment unit is vertically placed in the aforementioned embodiment, it may be 
horizontally placed, or it may be disposed so that gas is permitted to flow upwardly from below. 

Fig. 2 and Fig. 3 show a second embodiment ot the exhaust gas treatment unit 1 0 according to the present invention. 
The construction of this second embodiment is essentially the same as that of the First embodiment shown in Fig. 1 , 
except that a plurality of exhaust gas introduction tubes 28a, 28b, 28c, 28d are disposed inside of the fuel gas intro- 
duction tube 30. In the arrangement shown in Fig. 3, four exhaust gas introduction tubes are provided. The exhaust 
gas introduction tubes 28a, 2Bb. 28c. 28d are held in one holder tube 50. In order to enclose the space formed between 
the exhaust gas introduction tubes 28a, 28b, 28c, 28d in the interior of the holder lube 50, a lid plate 52 is preferably 
attached at the lower end of the holder tube 50. Additionally in this embodiment, an extension portion formed by 
extending the lower portion of the combustion air-introduction tube 32 is used as the flame tube. 

In a semiconductor manufacturing facility, different kinds of exhaust gases are usually discharged and these ex- 
haust gases will be introduced in turn into an exhaust gas treatment unit by use of a switch-over valve. The exhaust 
gas treatment unit 10' shown in Fig. 2 and Fig. 3 makes it possible to take in and decompose plural kinds of exhaust 
gases at the same time, whereby the treatment efficiency is improved to a great extent. The respective exhaust gas 
introduction lubes 28a. 28b, 28c, 28d may be made exclusively usable for special or specific types of gases. This wilt 
reduce concerns about gases that are diflerent in kind being mixed and reacted with each other in the exhaust gas 
introduction tubes. 

Although the plurality of exhaust gas introduction tubes 28a. 28b, 28c, 28d are disposed in a holder tube 50 in the 
embodiment shown in Fig. 2 and Fig. 3, a similar result can be achieved in different ways. For example, as shown in 
Figs. 4(a), 4(b) and 4(c), a partition element or plate 54 can be provided in the exhaust gas introduction tube 28 so 
that a plurality of exhaust gas introduction paths 29a, 29b, 29c, 29d are formed in the inside of the exhaust gas intro- 
duction tube 28. The partition element 54 can fake various forms as shown in Figs. 4(a), 4(b) and 4(c) to divide the 
interior of the exhaust gas introduction tube 28 into exhaust gas introduction paths 29a, 29b, 29c, 29d having different 
cross-sectional shapes. 

When an exhaust gas such as SiH4, PH3 or BjHg used in the manufacture of semiconductors is treated by com- 
bustion, a large amount of powders are oftentimes generated as a product oxide. These powders have a tendency to 
deposit on the end portion of the exhaust gas introduction tube 28 on the outlet side. If such deposition of powders 
builds up over lime, an obstacle to the formation of a normal flame is created and this can undesirably lower the 
treatment efficiency of the unit. 

It is therefore preterred that a powder scrape-off device be provided at the end portion of the exhaust gas intro- 
duction tube 28 on the outlet side. Fig. 5 is a cross-sectional view of the exhaust gas treatment unit 10' shown in Fig. 
.2, showing an impeller 60 provided as a powder scrape-o(l device. As shown in Fig. 5, the impeller 60 is rotatably 
supported at the center of the lid plate 52 and is designed so as to be rotated by exhaust gas currents from the exhaust 
gas introduction tubes 283, 28b, 28c. 28d. As can be seen from Fig. 5, the blades 62 ot the impeller 60 are arranged 
very close to the lower end of the exhaust gas introduction tubes 28a, 28b, 28c, 28d. Accordingly when the impeller 
60 is rotated by the exhaust gas, the blades 62 move across the lower end of the exhaust gas introduction tubes 28a. 
28b, 28c, 28d, thereby scraping oft powder deposited on the lower end of the exhaust gas Introduction tubes 28a, 28b, 
28c, 28d. Of course, the powder scrape-off device is not limited to the impeller 60, but can take a variety 0I other forms 
that permit removal of powder at the lower end of the exhaust gas introduction tubes 28a. 28b, 28c, 28d. For example, 
a scrape-off plate which is rotated by a motor may be provided in place of the impeller. 

As shown in Fig. 6. the impeller 60 is preferably accommodated in contact with the slide plate 52 outside of the 
exhaust gas introduction tubes 28a, 28b, 2Sc, 28d when not used. By virtue of such accommodation, the impeller 60 
will not disturb the flow path of the exhaust gas when the exhaust gas is being treated. 

The principles, preferred embodiments and modes of operation of the present invention have been described in 
the foregoing specification. However, the invention which is intended to be protected is not to be construed as limited 
to the particular embodiments disclosed. Further, the embodiments described herein are to be regarded as illustrative 
rather than restrictive. Variations and changes may be made by others, and equivalents employed, without departing 
from the spirit ot the present invention. Accordingly, it is expressly intended that all such variations, changes and 
equivalents which fall within the spirit and scope of the present invention as defined in the claims be embraced thereby 

Claims 

1. An exhaust gas treatment unit comprising: 
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a treatment drum having a side wall, a first end, a second end, and an interior; 

a combustion air introduction tube attached at the first end of said treatment drum to introduce combustion air 
to the interior of said treatment drum, the combustion air introduction tube having an end portion on an air 
outlet side o1 the combustion air introduction tube; 

a fuel gas introduclion tube disposed in said combustion air introduction tube to introduce fuel gas to the 
interior of said treatment drum; 

an exhaust gas introduction tube disposed in said fuel gas introduction tube to introduce exhaust gas to the 
interior of said treatment drum; 

a flame tube extending from the end portion of said combustion air introduction tube towards the second end 
o1 said treatment drum with a space being provided between the (lame tube and the treatment drum; 
cooling air introduction means for introducing cooling air into the space between the side wall of said treatment 
drum and said flame tube; and 

an outlet nozzle provided in said treatment drum to discharge treated exhaust gas from the treatment drum. 

An exhaust gas treatment unit according to Claim 1 , including a plurality of exhaust gas introduction tubes disposed 
in said fuel gas introduction tube. 

An exhaust gas treatment unit, according to Claim 2, wherein said exhaust gas introduction tube includes an inside 
that is divided into a plurality of exhaust gas introduction paths. 

An exhaust gas treatment unit, according to one of Claims 1 to 3, wherein said exhaust gas introduction tube 
includes an inside that is divided into a plurality of exhaust gas introduction paths. 

An exhaust gas treatment unit, according to one of Claims 2 to 4, wherein the exhaust gas introduction tube includes 
an exhaust gas outlet side, and including powder scrape-off means disposed adjacent an end portion of said 
exhaust gas introduction lube on the exhaust gas outlet side. 

An exhaust gas treatement unit, according to one of Claims 1 to 5, wherein the exhaust gas introduction tube 
includes an exhaust gas outlet side, and including powder scrape-off means disposed adjacent an end portion of 
said exhaust gas introduction tube on the exhaust gas outlet side. 

A process to dispose of exhaust gas from a semiconductor manufacturing unit, comprising injecting exhaust gas 
into a drum having a wall, reacting the exhaust gas with a flame of a fuel gas and oxygen containing gas in the 
drum in an oxidizing reaction to produce oxidized products, controlling the temperature during the oxidizing reaction 
by cooling the wall of the drum, filtering the oxidized products to remove solid particles and produce gaseous 
species, scrubbing the gaseous species to release a portion of the gaseous species. 

A process according to Claim 7, wherein the cooling of the wall of the drum is achieved by blowing air in a space 
surrounding the drum. 

A process according to Claim 7 or 8, wherein the oxygen containing gas comprises at least 21% oxygen. 

Process according to one of Claims 7 to 9. wherein said oxygen containing gas comprises substantially pure 
oxygen. 
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(54) Exhaust gas treatment unit and process 

(57) An exhaust gas treatnnent unit ot the combus- 
tion type Is capable of effectively carrying oul the de- 
composing treatment of an exhaust gas while at the 
same time allowing the unit to be reduced in size. The 
exhaust gas treatment unit includes a treatment drum, 
a combustion air introduction tube attached at one end 
ot the treatment drum to introduce combustion air to the 
inside of the treatment drum, a fuel gas introduction lube 
disposed inside the combustion air introduction tube to 
introduce fuel gas to the inside of the treatment drum, 



and an exhaust gas introduction tube disposed inside 
the fuel gas introduction tube to introduce exhaust gas 
to the inside ot the treatment drum. A flame tube extends 
from an end ponion of the combustion air introduction 
tube on the air outlet side to the vicinity of the other end 
of the treatment drum, and a cooling air introduction port 
is provided for introducing cooling air into a space be- 
tween the side wall of the treatment drum and the flame 
tube. By virtue of the presence of the flame tube, the 
fuel gas flame is kept for a longer period of time, thereby 
improving its contact efficiency with the exhaust gas. 
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